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Abstract 
Both hard and soft copy submission of assignments make an impact on the 
environment to produce the final product in terms of energy consumption and carbon 
emissions; an investigation was conducted as to which method is less environmentally 
impactful. Student disposition towards each assignment submission method was also 
investigated because it is associated with learning efficacy. A survey was conducted in 
Cal Poly’s Materials Engineering Department to determine the contributing components 
to the environmental impact of paper and electronic assignments, as well as the 
students’ disposition towards each of them. Contributing components are man-made 
products used by a student to complete one homework assignment and they were 
chosen based on the pre-defined project scope and the survey results. They were then 
analyzed using life cycle assessment (LCA). Under the specifications discussed in this 
report, paper assignment submission results in 1.30 MJ of energy consumed per 
assignment, while an electronic assignment consumes 0.633 MJ of energy. The global 
warming potential (GWP) of paper assignments was 57.6 g CO2 and of electronic 
assignments was 32.6 g CO2. The largest contributing components of each submission 
method were subjected to a sensitivity analysis, which showed that the results are 
strongly dependent on the length of the assignment and the time it takes to complete 
the assignment. 
 
Introduction 
Many effective education systems require submission of a student’s work as a method 
of evaluating a student’s understanding of the material. Currently, the main option for 
showcasing a student’s knowledge is physical: a paper hand-in assignment. 
Alternatively, a student might be asked to submit an assignment online. Questions have 
been raised about the environmental impact of these assignment submission methods 
[1]. Many professors and teachers also want to give students assignments in the form 
that will enable students to retain the information in the assignment with greater 
effectiveness. Thus, learning efficacy is a secondary quantitative objective of this project 
and its dependence on assignment submission method was investigated. 
 
Paper is often associated with the demolishing of forests and thus can be viewed as 
having a significantly negative environmental impact [2]. Similarly, electronic 
assignment submission requires at least one of many electronic devices, which are 
recognized to contain rare earth metals and involve significant amounts of processing 
for extraction once their devices are no longer in use [3,4]. They also operate on 
electricity, which furthers their energy consumption once manufacturing is complete. 
Thus, it is difficult to determine which method is more environmentally impactful simply 
by looking at life cycle phases qualitatively (what materials are used, processing, etc. 
This project uses life cycle assessment (LCA) to quantitatively evaluate the 
environmental impact of paper versus electronic assignments. 
 
 
 
  
Methodology 
Environmental Impact 
One method of quantitatively determining environmental impact is LCA. This approach 
sums energy consumption and other environmental considerations (such as carbon or 
sulfur emissions) over the different stages of a product’s life to determine its overall 
environmental impact. The five life cycle phases of an LCA are materials extraction, 
manufacturing, transportation, use, and disposal/end of life [5, 6]. In the application of 
homework assignments, energy consumption and global warming potential (GWP) were 
used in this project as measures of environmental impact. GWP is a relative measure of 
how much heat a greenhouse gas traps in the atmosphere. GWP was done on a 100-
year basis in this study. This study used a single assignment as a basis for both the 
energy consumption and GWP calculations. 
 
One of the most critical aspects of an LCA is determining its scope [5]. Contributing 
components to this LCA are man-made products used by a student to complete one 
homework assignment, and selection of the components helps to determine the scope 
of the LCA. Whether or not individual components are included in the LCA can play a 
large role in its outcome. What to include in the LCA is dependent in part on the time a 
product is used in relation to its lifetime. In this study, a survey was conducted in Cal 
Poly’s Materials Engineering Department to determine the fractions of the lifetimes of 
the components used to complete a homework assignment, and whether or not to 
include a component in the LCA based on the size of its contribution to an assignment. 
Possible components that had a “long lifetime,” or ones that had an excess of ten years 
of use such as furniture or buildings were not included because one homework 
assignment would use an extremely small fraction of their lifetimes. Humans as LCA 
components were not included as they are assumed to have a small contribution to the 
energy consumption and GWP of the final product and are impractical to measure. 
Table 1 shows the components of each assignment submission method that were 
considered; ones shown in bold were selected on the basis of the scope considered 
above as well as the survey results. Assignment components that were identified by at 
least 70% of survey respondents’ answers were included as part of the LCA for the 
assignment. The components that were considered but not selected were done so on 
either the basis of long lifetime or low survey response percentage. 
 
A survey of fifty-one students in Cal Poly’s Materials Engineering Department was taken 
in order to quantify some of the information about the “use” portion of the components’ 
life cycles as well as to help in deciding what components to include in the LCA. Survey 
participants represent about 24% of the total number of students (209) in the Materials 
Engineering Department. The survey also served as a way to measure learning 
retention (see Learning Efficacy below). The survey was conducted in compliance with 
Cal Poly’s Human Subjects Research Board (HSRB) standards [7]. These standards 
include informed consent, minimized risk, no benefits to survey respondents, equitable 
selection of survey respondents, confidentiality, respect of vulnerable subjects 
(disadvantaged, disabled, etc.), and a debriefing. In order to initiate a survey, a research 
protocol and a human subjects protocol approval form were submitted to Debbie Hart in 
  
Cal Poly’s Office of Research and Economic Development. The proposal was approved 
and was determined to be exempt from further review. 
 
Table 1. Components that were considered for both assignment submission methods. Bold type indicates 
that the component was chosen for the LCA. 
Paper Submission Method Electronic Submission Method 
Paper Laptop (various sizes) 
Mechanical pencil Desktop 
Wooden pencil Keyboard 
Black pen Mouse 
Graphing calculator Speakers 
Lamp/light bulb USB drive 
Computer Headphones 
Large eraser Earphones 
Rulers PolyLearn servers 
Binder  
Scientific calculator 
 
In order to achieve an accurate and meaningful representation of assignments in Cal 
Poly’s Materials Engineering curriculum, students in their second year and beyond were 
asked to voluntarily participate in the survey. This means that the survey participants 
were actually representative of over 30% of Materials Engineering majors if the 
freshman class is not included. They were asked to consider assignments pertaining to 
the Materials Engineering major and technical elective classes. The full survey is shown 
in Appendix A.  
 
One consideration that was not part of the survey was Cal Poly’s online submission 
method, PolyLearn. Servers are required that are dedicated to the development, testing, 
and implementation of PolyLearn. Server considerations for PolyLearn can be found in 
the section titled “Global Warming Potential (GWP) and Energy Consumption of Cal 
Poly’s PolyLearn Servers.” 
 
Component Assumptions 
Data for the materials extraction, manufacturing, transportation, and end of life phases 
were either taken from previous data in the literature [10, 11, 12, 13] or were calculated 
using reasonable considerations as described below [10, 14]. The fraction of the lifetime 
and the “use” phases of certain components such as laptops were determined as 
  
averages from the survey. Individual responses from the survey are not available in 
compliance with Cal Poly’s Policy on Human Subjects Research [7]. 
 
Global Warming Potential (GWP) and Energy Consumption of a Graphing Calculator 
No LCA was readily available for a graphing calculator, so it was modeled as being 
similar to a laptop, but scaled down to reflect a calculator’s smaller size and lower 
power rating. A TI-84 Plus graphing calculator (very common in the current generation 
of college students based on the survey) is 14.0% of the mass of the laptop in question 
[10] and contains 12.6% of the volume of the same laptop. Other graphing calculators 
are also similar in size, both in mass and in volume when compared to a laptop in this 
way. Since the mass fraction and the volume fraction of the TI-84 Plus graphing 
calculator with respect to the Dell Inspiron 2500 laptop are similar, an average of the 
mass fraction and the volume fraction (13.3%) was used as the scaling factor to 
estimate the energy consumption and GWP of a graphing calculator in comparison to a 
laptop. The survey suggests that graphing calculators last for a relatively long time (in 
excess of six years) so they are not likely to be a large contributing component to the 
inventory of energy consumption and GWP in the LCAs for assignments. The power 
rating of a graphing calculator is unlikely to be near that of a laptop, so the validity of 
13.3% of a laptop’s power as an estimate of a graphing calculator’s power was 
investigated. 1 amp is considered to be extremely high for a graphing calculator [15, 16] 
and they usually operate on four 1.5 V batteries, so an upper limit estimate of 5 W as a 
power rating was used. This corresponds to 12.5% of the laptop’s power rating. This 
suggests that it is reasonable to model a graphing calculator as scaled-down version of 
a laptop. 
 
Global Warming Potential (GWP) and Energy Consumption of a Writing Implement 
The survey also suggested that a mechanical pencil should be included as a 
contributing component to a paper assignment. No LCA for the energy consumption of 
mechanical pencils was available; however an estimate could be made from a U.S. 
government census of the industry as a whole [14] with respect to energy consumption. 
The total value of the mechanical pencils was divided by the total value of the 
purchased energy in the form of electricity for mechanical pencil production to find the 
average amount of energy consumed during the production of a pencil. The value of the 
pencils was taken from the 2002 U.S. government census. No value for the GWP of 
mechanical pencils was available in the literature, either. However, the amount of 
energy consumed during the production of a mechanical pencil can be used to estimate 
the GWP for a mechanical pencil. The energy (in kW-h) used in producing a mechanical 
pencil can be converted into g CO2 using the average U.S. CO2 emission rate from the 
EPA’s Annual Report on GHG Output Emission Rates [17]. This is a low estimate 
because this estimated value is only the GWP associated with manufacturing of the 
pencils and does not include the GWP of the pencils’ other life cycle phases. 
 
 
  
Global Warming Potential (GWP) and Energy Consumption of Cal Poly’s PolyLearn 
Servers 
Michael Haskell of Cal Poly’s Information Technology Services (ITS) Department 
provided information for the servers used to develop and maintain PolyLearn, which is a 
resource used for many online assignments. Cal Poly utilizes a total of 17 servers with 
58 CPUs, all of which are Intel Xeon E5-2680 v2s [18]. Some details on the three 
environments that Cal Poly uses to maintain PolyLearn can be found in Appendix D. 
Specifications for this product indicate that the thermal design power is 115 W [19]. It is 
assumed that this is the average power the processor is dissipating. Intel had an LCA 
done on a similar server, known as a PowerEdge in compliance with ISO 14040 and 
14044 [20]. Both energy consumption and GWP were calculated using a basis of 20944 
students enrolled at Cal Poly [21]. Therefore, each student is using 0.081% of one of 
these servers (number of servers divided by the number of students) each time they 
complete an assignment on PolyLearn. 
 
Global Warming Potential (GWP) and Energy Consumption of Other LCA Components 
Laptop LCA data was incorporated directly from an LCA done as a collaborative study 
across several universities [10]. A joint study between the U.S. Board on Agriculture and 
the National Research Council was used for paper LCA energy consumption data [11] 
while GWP information was found in an LCA done by the American Forest and Paper 
Association [12]. Mouse LCA data was taken from an LCA done as a dissertation in the 
UK [13]. It should be noted that although many institutions follow the same procedures 
for conducting a LCA, the procedure for defining the scope of the LCA differs between 
parties [5, 6]; what one party chooses to include in their analysis may differ from another 
party looking at the same product. This will establish different final results. 
 
Learning Efficacy 
In addition to the quantitative impacts associated with the life cycle phases of LCA 
components, this project also focused on learning efficacy between the two assignment 
submission methods. In some studies, learning efficacy and retention rates have been 
linked to one’s disposition towards a method of learning [8, 9]. In other words, if a 
student is more inclined to learn using a particular method, then they are more likely to 
benefit from using that method. This was studied using the survey by querying students 
about a hypothetical assignment from MATE 232 (Materials, Ethics, and Society). Then 
they were asked questions about which assignment submission method they were more 
inclined to choose and which assignment submission method they thought would result 
in greater retention of information. An example of the hypothetical assignment is shown 
in Appendix B.  
 
 
 
  
Results  
Environmental Impact 
Assignment components that were identified by at least 70% of survey respondents’ 
answers were included as part of the LCA for the assignment. Therefore the LCA 
components of paper assignments were 5.4 sheets of 8.5” x 11” paper, a graphing 
calculator (TI-84 Plus edition), and a mechanical pencil. For electronic assignments the 
LCA components included a 14” laptop and a mouse. It is important to note that nearly 
all laptops were within 2” of this size and a vast majority of students using laptops were 
using the 14” size. Students not using a laptop were generally using custom-built 
personal computers, which could be taken into account using sensitivity analysis. 
Although there have been verbal claims by students that many use the library desktops, 
the survey did not validate these claims. Table 2 shows the contribution of each of these 
components to the overall energy consumption and GWP of the respective assignment 
types. The entirety of the LCA raw data file can be found in Appendix C.  
 
Table 2. Energy consumption and GWP component breakdown for both paper and electronic assignment 
submission. Based on these initial results, electronic assignment submission appears to have a lower 
environmental impact in terms of energy consumption and GWP. 
Paper Assignment Component Energy Consumed 
per Assignment (MJ) 
GWP per Assignment 
(g CO2) 
Paper 1.25 48.3 
Graphing Calculator 0.0487 6.88 
Mechanical Pencil 7.34 E-5 0 
Total 1.30 57.6 
Electronic Assignment 
Component 
Energy Consumed 
per Assignment (MJ) 
GWP per Assignment 
(g CO2) 
Laptop 0.617 31.1 
Mouse 0.0160 1.51 
Servers 4.18E-8 2.09E-4 
Total 0.633 32.6 
 
Learning Efficacy 
Figure 1 shows the response from survey participants to the question of which 
assignment method (paper or electronic) they prefer. The response suggests that there 
is not a significantly strong preference for one assignment submission method over the 
other. Figure 2 illustrates what survey participants think of the importance of being able 
to choose which assignment submission method to utilize. The results indicate that 
most survey participants do not believe it is very important or only somewhat important 
to be able to select the method of assignment submission. Figure 3 is the response of 
survey participants to the question of which assignment submission method results in 
improved information retention. It suggests that survey respondents think that hard - 
copy submission is better or at least as good as electronic assignment submission for 
information retention. In order to comply with Cal Poly’s HSRB policy on confidentiality, 
  
individual responses and any comments made by survey respondents are not available 
to the public [7].  
 
Figure 1. Results of survey of Cal Poly Materials Engineering students regarding which type of 
assignment submission method (paper or electronic) they prefer. Hard copy submission is chosen slightly 
more often as the preferred method of submission. If preference is an indicator of learning 
efficacy/retention as the literature suggests, then hard copy submission may be a better choice for 
learning efficacy/retention. 
 
 
Figure 2. Results of survey of Cal Poly Materials Engineering students regarding how important it is to be 
able to choose between paper and electronic submission of assignments. Most survey respondents think 
that it is not very important or somewhat important. 
 
  
 
Figure 3. Results of survey of Cal Poly Materials Engineering students regarding which assignment 
submission method (paper or electronic) is more helpful for information retention. All participants in the 
survey indicated that hard copy submission is better than or at least as good as online submission in 
terms of information retention.  
 
Analysis 
Environmental Impact 
A summary of the components contributing to energy consumption and GWP for each 
of the paper and electronic assignment submission methods is provided in Table 3 and 
an analysis of their contributions was performed. Paper and laptops are by far the 
largest contributors to energy consumption and GWP of their respective assignment 
submission methods. Components such as the mechanical pencil use in paper 
assignments could be considered inconsequential because it provides less than 0.01% 
of the total energy consumption of the assignment. 
 
With over 95% of the energy consumption coming from paper and laptops in their 
respective assignment submission method, the amount of energy consumed and the 
GWP per assignment is highly dependent on the life cycle phases of paper and laptops. 
A summary of the contribution of each life cycle phase of these components in their 
respective assignment submission method’s lifetime is provided in Table 4 for both 
energy consumption and GWP. In a paper assignment, the largest contributor is 
manufacturing while the largest contributor for electronic assignments is use. Following 
electronics use are the manufacture and transportation phases, which are minor but still 
non-trivial for electronic assignments. 
 
The most environmentally impactful phases were then subjected to a sensitivity analysis 
to determine how relevant and meaningful the initial estimates of the energy 
consumption of a paper assignment and an electronic assignment are (1.30 MJ and 
0.633 MJ respectively). Tables 3 and 4 have identified the most environmentally 
  
impactful life cycle phases to be the manufacturing of paper, the use of laptops, the 
manufacturing of laptops, and the transportation of laptops. The amount of energy 
consumed is also dependent on the time it takes to complete an assignment and the 
amount of paper used. These specific life cycle phases were subjected to a sensitivity 
analysis; a summary of the range of values for these life cycle phases and their effects 
on energy consumption and GWP are shown in Table 5. Factors are quantitative values 
that affect both the energy consumption and GWP of a life cycle phase (and transitively 
its component and the overall LCA of the assignment submission method). 
 
Table 3. Percent contribution of components of electronic and paper assignment submission methods in 
terms of energy consumption and GWP. The laptop and the paper provide for most of the environmental 
impact in their respective assignment submission methods. 
Paper Assignment  
Component 
Energy Consumption 
per assignment (MJ) 
% Contribution to Total Energy 
Consumption per Assignment 
Paper 1.25 96.2 
Graphing Calculator 0.0487 3.75 
Mechanical Pencil 7.34 E-5 0.00565 
Total 1.30 100 
Electronic Assignment 
Component 
Energy Consumption 
per assignment (MJ) 
% Contribution to Total Energy 
Consumption per Assignment 
Laptop 0.617 97.5 
Mouse 0.0160 2.53 
Servers 4.18E-8 6.60E-6 
Total 0.633 100 
 
Paper Assignment 
Component 
GWP (g CO2)/ 
Assignment 
% Contribution to Total GWP 
per Assignment 
Paper 48.3 83.9 
Graphing Calculator 6.88 11.9 
Mechanical Pencil 2.46 4.27 
Total 57.6 100 
Electronic Assignment 
Component 
GWP (g CO2)/ 
Assignment 
% Contribution to Total GWP 
per Assignment 
Laptop 31.1 95.4 
Mouse 1.51 4.63 
Servers 2.09E-4 6.41E-4 
Total 32.6 100 
 
Calculation of Minimum and Maximum Values of Energy Consumption and GWP 
Laptop manufacturing, transportation, and power use minimum and maximum values 
were taken from the LCA of the Dell Inspiron 2500 laptop [10]. Values for laptop use 
and the amount of paper used were taken from the survey results. The values for paper 
manufacturing were taken from an LCA by the U.S. National Research Council and the 
Board on Agriculture [11]. 
  
Table 4. Energy consumption and GWP breakdown by life cycle phase for the major components (paper 
and laptops) of paper and electronic assignment submission methods respectively. 
Life Cycle 
Phase 
Paper Energy 
Consumption 
(MJ/assignment) 
Paper Energy 
Consumption 
(% contribution) 
Electronic Energy 
Consumption 
(MJ/assignment) 
Electronic Energy 
Consumption 
(% contribution) 
Raw Materials 0.0402 3.09 0.0361 5.70 
Manufacture 1.15 88.5 0.111 17.5 
Transportation 0.0311 2.39 0.0793 12.5 
Use 0.000 0 0.333 52.6 
End of Life 0.0778 5.98 0.0723 11.4 
Total 1.30 100 0.633 100 
Life Cycle 
Phase 
Paper GWP (g 
CO2 / assignment) 
Paper GWP 
(% contribution) 
Electronic GWP (g 
CO2 /assignment) 
Electronic GWP  
(% contribution) 
Raw Materials 4.55 7.90 3.06 9.39 
Manufacture 31.1 54.0 8.46 26.0 
Transportation 2.00 3.47 6.28 19.3 
Use 2.60 4.51 11.9 36.5 
End of Life 17.4 30.2 2.96 9.08 
Total 57.6 100 32.6 100 
 
Sensitivity Analysis Results 
Table 5 reveals that the largest contributing factors to the overall energy consumption of 
a paper assignment are the number of sheets of paper used. In electronic assignments, 
the largest contributor to energy consumption is the amount of time a laptop is used as 
well as the amount of power it uses. By combining the lower and upper bounds of the 
changes in energy consumption and GWP resulting from sensitivity analysis, a range of 
values is obtained (Table 5). For electronic assignments this yields a range of 0.202 MJ 
- 1.36 MJ consumed for an electronic assignment and a range of between 13.5 g CO2 - 
65.4 g CO2 for GWP. Comparatively, a paper assignment consumes between 0.554 MJ 
and 2.57 MJ of energy and emits between 20.4 g CO2 and 101 g CO2 in GWP. The 
complete raw data for the sensitivity analysis can be found in Appendix E.  
 
These ranges suggest that electronic assignments may be overall less energy intensive 
than paper assignments, although there is overlap in the ranges. If a professor were to 
consider both submission options for an assignment with environmental impact (energy 
consumption and GWP) in mind, he/she should take the following into account: 
● Assignment Time: If the assignment is estimated to take longer than six hours to 
complete, then he/she should consider making it a paper assignment due to the 
energy consumption that occurs during the use of the laptop. 
● Assignment Length: If the assignment is estimated to take more than five 8.5” x 11” 
sheets of paper to complete, professors should consider making it an electronic 
assignment due to the energy consumption and GWP that occurs from the 
manufacturing of paper. 
 
 
  
Table 5. Sensitivity analysis that shows the maximum and minimum values of energy consumption and 
GWP for paper and electronic assignment submission. Lower values are the least environmentally 
impactful while upper values are the most environmentally impactful. 
Factor Energy 
Consumption 
Initial Value 
Energy 
Consumption 
Minimum 
Value 
Energy 
Consumption 
Maximum 
Value 
Energy 
Consumption 
Lower Bound 
(MJ) 
Energy 
Consumption 
Upper Bound 
(MJ) 
Electronic 0.633 
MJ/assignment 
  0.202 
MJ/assignment 
1.36 
MJ/assignment 
Laptop 
Manufacturing, 
MJ/laptop 
1508 1315 2645 -0.014 0.084 
Laptop Transport, 
MJ/laptop 
1070 865 1215 -0.015 0.011 
Laptop Power, W 40 20 52 -0.166 0.100 
Laptop Use, hrs. 3.24 2 6 -0.236 0.527 
Paper 1.30 
MJ/assignment 
  0.554 
MJ/assignment 
2.57 
MJ/assignment 
Paper used, 
sheets 
5.4 3 10 -0.556 1.07 
Paper 
Manufacturing, 
MJ/kg 
38300 32000 45000 -0.190 0.200 
Factor GWP Initial 
Value 
GWP 
Minimum 
Value 
GWP 
Maximum 
Value 
GWP Lower 
Bound (g CO2 ) 
GWP Upper 
Bound  (g CO2) 
Electronic 32.6 g CO2/ 
assignment 
  13.5 g CO2/ 
assignment 
65.4 g CO2/ 
assignment 
Laptop 
Manufacturing, 
GWP (kg 
CO2)/laptop 
31.0 27.1 54.4 -0.300 1.80 
Laptop Transport, 
GWP(kg)/laptop 
83 67.1 83 -1.1 0.9 
Laptop Power, W 40 20 52 -5.8 3.6 
Laptop Use, hrs. 3.24 2 6 -11.9 26.5 
Paper 57.6 (g CO2/ 
assignment) 
  22.9 (g CO2/ 
assignment) 
103 (g CO2/ 
assignment) 
Paper used, 
number of 8.5” x 
11” sheets 
5.4 3 10 -30.4 41.4 
Paper 38300 32000 45000 -4.40 4.60 
  
Manufacturing, 
MJ/kg 
 
 
Learning Efficacy 
Studies have shown that student disposition towards a certain method learning has a 
direct correlation to better retention of information [8, 9]. The survey results suggest that 
there is not a significant difference in preference of assignment submission methods. 
However, a substantial percentage of survey respondents believe that paper 
assignment submission is better for retention of information. Whether or not this 
assumption is true in practice, the belief that paper assignments are better for 
information retention than electronic assignments could be enough to make it seem true 
to students. This could mean that students are more likely to retain more information 
from using paper assignment submission [9].  
 
Conclusions 
Under the specifications of the scope of this LCA the amount of energy consumed for 
paper and electronic assignments is estimated at 1.30 MJ and 0.633 MJ and the GWP 
is 57.6 g CO2 and 32.6 g CO2, respectively. However, sensitivity analysis revealed that 
there is actually a considerable range of values for energy consumption and GWP for 
both paper and electronic assignment submission (including some overlap between 
assignment submission methods). Although there is not a significant difference in 
preference between paper and electronic assignment submission, survey respondents 
from among Cal Poly Materials Engineering students generally think that hard copy 
submission is correlated to better information retention. This belief may make paper 
submission of assignments better than electronic submission of assignments for greater 
information retention. In general, it is acceptable to state that electronic assignment 
submission is less environmentally impactful but it may not always be the case 
depending on laptop use and assignment length.  
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Appendix A: Assignment Submission Survey  
Thank you for participating in this survey for the senior project “Life Cycle Analysis of 
Paper versus Electronic Assignment Submission in Cal Poly Materials Engineering.” 
Your answers today will help shape any conclusions or recommendations I have for the 
improvement of our department. However, environmental aspects that the title suggest 
are only part of the project. The second portion of the survey will be aimed at 
determining a motivational difference between the two methods of submitting 
assignments. What’s a life cycle analysis? Life cycle analysis is a method of looking at a 
product’s complete life cycle, from raw materials to final disposal. It includes five major 
phases: Raw Materials, Manufacturing, Transportation, Use, End of Life. 
What I’ll be asking you to do today will help me with the inputs for the “Use” phase. Your 
answers will be kept anonymous through the use of Google Forms if you are utilizing 
the online option; I will not be able to differentiate one set of answers from any of the 
others.  
You will be asked to:  
--Provide information about how you do your assignments  
--Provide your thoughts on how you would do a hypothetical MATE 232 (Materials, 
Ethics, and Society) ethics case study worksheet. Here is the scope of the project: the 
goal is to look at the tools that you utilize from the start of an assignment to the finish, 
but any human--related function items should not be considered. You do not need to 
include items with a very long lifetime such as large furniture or buildings in your 
description.  
Example: A student who normally eats while doing their paper assignment at their home 
desk should not include eating or the desk itself in the responses to follow. However, 
they should include that they always use a graphing calculator and a mechanical pencil. 
You will be asked questions regarding typical paper or electronic assignments in MATE 
or MATE technical support courses. A paper assignment is defined as a handwritten 
assignment that is physically submitted to a professor or grader. An electronic 
assignment is defined as an assignment that is completed using an electronic device 
and submitted via the internet (PolyLearn, email, etc.).  
If you have questions, comments, or concerns regarding the project, please contact 
Patrick McDonnal at pmcdonna@calpoly.edu.  
INFORMED CONSENT TO PARTICIPATE IN A RESEARCH PROJECT, "Life Cycle 
Analysis of Paper versus Electronic Assignment Submission in Cal Poly Materials 
Engineering" A research project on the environmental impact differences between paper 
and electronic assignment submission is being conducted by Patrick McDonnal, a 
student in the Department of Materials Engineering at Cal Poly, San Luis Obispo under 
the supervision of Dr. Jean Lee. The purpose of the study is to gain relevant and 
meaningful data to incorporate into the life cycle analysis that the project is focused on. 
  
You are being asked to take part in this study by completing the following survey. You 
will first be asked about the demographics of your past assignment submissions. Then, 
a hypothetical situation will be given and questions inquiring about your disposition 
towards assignment submission methods will be asked. Please be aware that you are 
not required to participate in this research and you may discontinue your participation at 
any time without penalty. You may also omit any items on the survey you prefer not to 
answer. There are no risks anticipated with participation in this study. Your responses 
will be provided anonymously and your decision whether or not to participate will have 
no effect on your status at Cal Poly. Potential benefits from this research include a 
better understanding of how different assignment submission methods affect the 
environment and the students completing the assignments.  
If you have questions, comments, or concerns regarding the project, or would like to be 
informed of the results, please contact Patrick McDonnal at pmcdonna@calpoly.edu. If 
you had concerns regarding the manner in which this study is conducted, you may 
contact Dr. Michael Black, Chair of the Human Subjects Research Committee at (805) 
756-1508, mblack@calpoly.edu, or Dr. Dean Wendt, Dean of Research, at (805) 756- 
1508, dwendt@calpoly.edu. Moving beyond this page indicates that you give your 
informed consent to participate in the project. Please keep a copy of this form for your 
records and thank you for your participation in this study.  
1. Please indicate your expected date of graduation. 
2. Please indicate your major. If other please elaborate. 
3. Please estimate the percentage of MATE and MATE required technical support 
courses that have required mostly paper submission of assignments.  
4. Please estimate the percentage of MATE and MATE required technical support 
courses that have required mostly electronic submission of assignments.  
5. In a typical paper assignment for a MATE or MATE required technical support 
course, please estimate the number of pages (not sides) of paper that you would use to 
complete the assignment.  
6. In a typical paper assignment for a MATE or MATE required technical support 
course, please estimate the number of hours that you would use to complete the 
assignment.  
7. Please indicate the location at which you would typically complete a paper 
assignment. Example: Kennedy Library third floor.  
8. Please give information about items you need to complete paper assignments for 
MATE or MATE required technical support courses here. Please estimate the lifetime of 
these items in parentheses as well. Examples: wooden pencil (3 months), lamp (5 
years), textbook (6 years), graphing calculator (8 years). 
  
9. In a typical electronic assignment for a MATE or MATE required technical support 
course, please estimate the number of hours that you would use to complete the 
assignment.  
10. Please indicate the device that you would use to complete a typical electronic 
assignment for a MATE or MATE required technical support course. Example: 13" 
Vaio-Z laptop purchased in 2015.  
11. Please indicate the location at which you would typically complete an electronic 
assignment. Example: Kennedy Library first floor.  
12. Please give information about items you need to complete electronic assignments 
for MATE or MATE required technical support courses here. Please estimate the 
lifetime of these items in parentheses as well. Examples: USB drive (6 months), 
keyboard (5 years), mouse (4 years), speakers (8 years).  
13. Other relevant information, questions, comments, and concerns. Please write any 
relevant information here that you feel was not covered or that you would like to voice.  
The following questions pertain to a hypothetical assignment in Materials, Ethics, and 
Society (MATE 232). Please read through the situation and use this information to 
answer the questions. You are assigned an engineering ethics case study, and given a 
worksheet where you are asked to provide the following information about the case 
study:  
The important facts of the case study:  
The primary stakeholders, their priorities, and what is at stake for them. 
Any laws, rules, or customs that may have been violated. 
You are asked on the worksheet to come up with an action that could prevent such an 
ethical dilemma from reoccurring in the future. You will be expected to support your 
solution with evidence from the information above as well as logical reasoning. This 
response will be about the length of a single paragraph. Hypothetically you will be 
tested on the information in this assignment in the future. You are given the choice of 
how to prepare and submit this hypothetical worksheet:  
Hand writing your responses to the worksheet questions and submitting hard copy of 
the worksheet, or typing your responses to the worksheet questions and submitting the 
worksheet electronically through PolyLearn.  
14. Which submission method are you more inclined to choose? 
15. Why?  
16. How important is being able to choose your submission method?  
17. Which submission method helps you retain information about the case study better? 
  
Appendix B: MATE 232 Hypothetical Assignment 
MATE 232 
Ethics Case Study: Volkswagen Emissions Scandal 
 
 
Name:_____________________________________ 
 
1. What are the salient facts of this case? 
 
 
 
 
 
 
 
 
 
2. List the primary stakeholders, each stakeholder’s top priorities, and what’s at stake 
for each stakeholder. 
Stakeholder Stakeholder’s Top Priorities What’s at Stake 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
   
3. Are there any laws, rules, or customs being violated? 
 
 
 
 
 
 
  
4. What resources and limitations are there to help solve the dilemma? 
 
 
 
 
 
 
 
5. Please answer this question before you enter into your discussion group.  What do 
you think is the single most effective action that can be taken to prevent this kind of 
emissions scandal from happening again in the auto industry?  Justify your answer. 
 
 
 
 
 
 
 
 
6. Please list the names of the people in your discussion group (last name, first name) 
 
 
 
 
 
 
 
7. Did any member(s) of your discussion group persuade you to change your answer to 
question 5?  If so, what did you change your answer to and why?  If not, explain why 
you were not persuaded to change your answer.   
 
 
 
 
 
 
 
8. What conflict resolution skill(s) did you use during your group discussion? 
 
 
 
 
 
  
Appendix C: LCA Raw Data 
Energy Consumption of an Electronic Assignment 
1 Laptop (MJ)  0.0351  0.1116 0.0792 
1 Mouse  0.000998  0.000121 0.000186 
Student Portion of 17 Servers  0  0 0 
1 Assignment (MJ)  0.0361  0.1112 0.07937 
Notes LCA Hybrid Dell 2500     
      
Component Raw Material Energy (MJ) Manufacture Energy (MJ) Transportation (MJ) 
13" Laptop Acrylonite butadiene styrene (ABS) 31.5 Semiconductor 326 1070 
 Polycarbonate 47 Circuit Board 36.5 865 
 Other Plastic 37 Silicon Wafers 60 1215 
 Glass 16.5 LCD mfg/assembly 598  
 Copper 17.6 Computer assembly 488  
 Aluminum 73 Low 1315  
 Steel 52 High 2645  
 Gold 132.5    
 Silver 8.7    
 Epoxy 48.5    
 Palladium 7.95    
 Nickel 0.145    
 Zinc 0.005    
 Neodymium 0.0135    
 Tin 2.55    
 Lead 0.09    
      
Mouse Low alloy steel 0.365 Housing 0.679 2.0167 
 Acrylonite butadiene styrene (ABS) 3.355 Insulation Wire 0.107  
 Polyvinyl chloride 1.013 Internal Wire 0.19  
  
 Polyurethane 0.599 USB 0.328  
 Stainless steel 0.296    
 Phenolics 0.542    
 Copper 4.619    
      
Server Long Lifetime     
 
 
1 Laptop (MJ)  0.332 0.0587    0.617 
1 Mouse  0.00109 0.0136    0.0160 
Student Portion of 17 
Servers  4.18E-8 0    4.18E-8 
1 Assignment (MJ)  0.333 0.0723    0.633 
Notes        
        
Component 
Use (Power Rating, 
W) Energy (MJ) End of Life (MJ) 
Time Used 
(hrs) 
Time Used 
(years) 
Lifetime 
(years) Portion of Lifetime 
13" Laptop 40 0.467 793 3.24 0.000369 5 0.0000740 
 20   2    
 52   6    
Mouse 0.0225 0.000262 147.1 3.24 0.000367 4 0.0000925 
Server 115 1.341   0.000370 10 0.0000370 
 
 
  
  
GWP of an Electronic Assignment 
1 Laptop  2.30  8.263 6.14  11.76 2.62    31.1 
1 Mouse  0.77  0.193 0.14  0.07 0.34    1.51 
Server Usage  0  1.47E-5 0  1.86E-4 8.48E-6    2.09E-4 
1 Assignment 
(gCO2)  3.06  8.458 6.28  11.87 2.96    32.6 
Notes 
LCA Hybrid Dell 
2500            
             
Component Raw Material 
GWP 
(kgCO2) Manufacture 
GWP 
(kgCO2) 
Transportation 
(kgCO2) Use 
GWP 
(kgCO2) 
End of 
Life 
Time 
Used 
(hrs) 
Time Used 
(years) 
Lifetime 
(years) 
Portion of 
Lifetime 
13" Laptop 
Acrylonite 
butadiene styrene 1.60 
Semiconducto
r 27.000 83.00  159.00 35.46 3.24 0.0004 5.0000 0.0001 
 Polycarbonate 2.70 Circuit Board 1.900 67.10  79.50  2    
 Other Plastic 1.90 Silicon Wafers 5.300 94.25  206.70  6    
 Glass 1.00 
LCD 
mfg/assembly 36.500         
 Copper 1.08 
Computer 
assembly 41.000         
 Aluminum 3.95           
 Steel 6.90           
 Gold 7.93           
 Silver 0.55           
 Epoxy 2.60           
 Palladium 0.54           
 Nickel 0.01           
 Zinc 0.00           
 Neodymium 0.00           
 Tin 0.15           
 Lead 0.14           
  31.03           
  27.05 54.41          
Computer 
Mouse  0.77  0.193 0.14  0.07 0.34 3.24 0.0004 4.0000 0.0001 
Server PowerEdge* 0.00 
Extraction/Ass
embly 471 0.00  5960.0 272 3.24 0.0004 10.000 0.000 
  
Energy Consumption of a Paper Assignment 
5.4 sheets of 
paper 
  1.14 0.0220 0  0.0534      1.251 
Graphing 
Calculator   0.0112 0.00912 0.00000374  0.0243      0.0487 
Mechanical 
Pencil   0 0 0  0.00003668      0.0000734 
1 
Assignment   1.151 0.03117 0.00000374  0.0778      1.30 
              
Notes 
LCA for 
Paper 
products             
            from survey  
Component 
Raw 
Material Mfg 
Energy 
(MJ) 
Transport 
(MJ) Use 
End of 
Life Energy (MJ) 
Portion of 
Lifetime 
Mass in 
kg 
Ream 
(kg) 
Sheets 
per ream 
Sheets per 
assignment g/assignment 
Paper (1 
ton) 
Tree 
Harvest Mfg 38300 739 0 Recycle 1794 1 907 2.5 500 5.4 0.0000298 
   1.140 0.0220   0.0534     3  
   32000           
   45000           
Graphing 
Calculator 
13.28% 
of Comp  172 142 0.0583  105 0.0000642    10  
              
Mechanical 
Pencil  0.214 0.000171      
 
  
  
 
GWP of a Paper Assignment 
5.4 Sheets of Paper  4.04  26.76 0.642 0 16.84  48.29 
Graphing Calc  0.5080  1.83 1.358 2.60 0.581  6.879 
Mechanical Pencil         2.46 
1 assignment 
(gCO2)  4.547  28.58 2.001 2.60 17.42  57.6 
Notes 
American Forest&Paper 
Association         
          
Component Raw Material GWP (kgCO2) 
Manufact
ure 
GWP 
(kgCO2) 
Transportation 
(MJ) Use End of Life 
Portion of 
Lifetime 
Portion of 
ream 
Paper (ream) Fiber Procurement 0.374 Production 2.47 0.0595 0 1.559 1 0.0108 
Mechanical Pencil    2.46      
    2.070     0.004 
    2.911     0.02 
 
 
  
  
Appendix D: PolyLearn Server Information 
PolyLearn has 3 environments to allow for application development, testing and 
production. Production is the environment that the campus uses. Below is a list of the 
servers used to support PolyLearn in each environment. 
Development: 
2 Moodle application servers (each 2 GB of RAM, 1 CPU Intel(R) Xeon(R) CPU E5-
2680 v2 @ 2.80GHz) 
2 Moodle database servers (each 6GB of RAM, 2 CPU Intel(R) Xeon(R) CPU E5-2680 
v2 @ 2.80GHz) 
Testing: 
3 Moodle application servers (each 2 GB of RAM, 4 CPU Intel(R) Xeon(R) CPU E5-
2680 v2 @ 2.80GHz) 
3 Moodle database servers (each 16GB of RAM, 4 CPU Intel(R) Xeon(R) CPU E5-2680 
v2 @ 2.80GHz) 
Production: 
5 Moodle application servers  (each 8 GB of RAM, 4 CPU Intel(R) Xeon(R) CPU E5-
2680 v2 @ 2.80GHz) 
2 Moodle database servers (each 16GB of RAM, 4 CPU Intel(R) Xeon(R) CPU E5-2680 
v2 @ 2.80GHz) 
 
  
  
Appendix E: Sensitivity Analysis Raw Data File 
Factor Changed Original 
New 
Value 
% 
Difference Reason 
Original End 
Result (MJ) 
New End 
Result (MJ) 
% 
Difference Difference 
Laptop Mfg, MJ/laptop (lower) 1508 1315 -12.8 Lower value in LCA 0.633 0.619 -2.21 0.014 
Laptop Mfg, MJ/laptop (higher) 1508 2645 75.4 Upper value in LCA 0.633 0.717 13.27 -0.084 
Laptop Transport, MJ/laptop (lower) 1070 865 -19.2 Lower value in LCA 0.633 0.618 -2.37 0.015 
Laptop Transport, MJ/laptop (higher) 1070 1215 13.6 Upper value in LCA 0.633 0.644 1.74 -0.011 
Laptop Power, W (lower) 40 20 -50.0 Not running at full capacity 0.633 0.467 -26.22 0.166 
Laptop Power, W (higher) 40 52 30.0 Upper value 0.633 0.733 15.80 -0.100 
Laptop Time, hrs (lower) 3.24 2.00 -38.3 Survey 0.633 0.397 -37.28 0.236 
Laptop Time, hrs (upper) 3.24 6.00 85.2 Survey 0.633 1.160 83.25 -0.527 
Paper used, sheets (lower) 5.40 3 -44.4 Survey 1.300 0.744 -42.77 0.556 
Paper used, sheets (upper) 5.40 10 85.2 Survey 1.300 2.370 82.31 -1.070 
Paper Mfg, MJ/kg (lower) 38300 32000 -16.4 
Lumber size, machine 
efficiency 1.300 1.110 -14.62 0.190 
Paper Mfg, MJ/kg (higher) 38300 45000 17.5 
Lumber size, machine 
efficiency 1.300 1.500 15.38 -0.200 
Best Case Scenario, Laptop     0.633 0.202 -68.09 0.431 
Worst Case Scenario, Laptop     0.633 1.355 114.06 -0.722 
Best Case Scenario, Paper     1.300 0.554 -57.38 0.746 
Worst Case Scenario, Paper     1.300 2.570 97.69 -1.270 
Factor Changed Original 
New 
Value 
% 
Difference Reason 
Original End 
Result 
New End 
Result 
% 
Difference Difference 
Laptop Mfg, GWP(kg)/laptop (lower) 31.0 27.1 -12.6 Lower value in LCA 32.6 32.3 -0.920 0.3 
Laptop Mfg, GWP(kg)/laptop (higher) 31.0 54.4 75.5 Upper value in LCA 32.6 34.4 5.521 -1.8 
Laptop Transport, GWP(kg)/laptop 
(lower) 83.0 67.1 -19.2 Lower value in LCA 32.6 31.5 -3.374 1.1 
Laptop Transport,GWP(kg)/laptop 
(higher) 83.0 94.2 13.5 Upper value in LCA 32.6 33.5 2.761 -0.9 
Laptop Power, kgCO2 (lower) 40 20 -50.0 Not running at full capacity 32.6 26.8 -17.791 5.8 
Laptop Power, kgCO2 (higher) 40 52 30.0 Upper value 32.6 36.2 11.043 -3.6 
Laptop Time, hrs (lower) 3.240 2 -38.3 Survey 32.6 20.7 -36.503 11.9 
Laptop Time, hrs (upper) 3.240 6 85.2 Survey 32.6 59.1 81.288 -26.5 
Paper used, sheets (lower) 5.400 3 -44.4 Survey 57.6 24.8 -55.072 30.4 
Paper used, sheets (upper) 5.400 10 85.2 Survey 57.62 96.3 74.457 -41.1 
Paper Mfg, GWP(kg) (lower) 38300 32000 -16.4 
Lumber size, machine 
efficiency 57.6 50.8 -7.971 4.4 
Paper Mfg, GWP (kg) (higher) 38300 45000 17.5 
Lumber size, machine 
efficiency 57.6 59.8 8.333 -4.6 
Best Case Scenario, Laptop     32.6 13.5 -58.59 19.1 
Worst Case Scenario, Laptop     32.6 65.4 100.61 -32.8 
Best Case Scenario, Paper     57.6 20.4 -63.04 34.8 
Worst Case Scenario, Paper     57.6 100.9 82.79 -45.7 
 
